There is a strong need to better predict the survival of patients with newly diagnosed multiple myeloma (MM). As gene expression profiles (GEPs) reflect the biology of MM in individual patients, we built a prognostic signature based on GEPs. GEPs obtained from newly diagnosed MM patients included in the HOVON65/GMMG-HD4 trial (n ¼ 290) were used as training data. Using this set, a prognostic signature of 92 genes (EMC-92-gene signature) was generated by supervised principal component analysis combined with simulated annealing. Performance of the EMC-92-gene signature was confirmed in independent validation sets of newly diagnosed (total therapy (TT)2, n ¼ 351; TT3, n ¼ 142; MRC-IX, n ¼ 247) and relapsed patients (APEX, n ¼ 264). In all the sets, patients defined as high-risk by the EMC-92-gene signature show a clearly reduced overall survival (OS) with a hazard ratio (HR) of 3.40 (95% confidence interval (CI): 2.19-5.29) for the TT2 study, 5.23 (95% CI: 2.46-11.13) for the TT3 study, 2.38 (95% CI: 1.65-3.43) for the MRC-IX study and 3.01 (95% CI: 2.06-4.39) for the APEX study (Po0.0001 in all studies). In multivariate analyses this signature was proven to be independent of the currently used prognostic factors. The EMC-92-gene signature is better or comparable to previously published signatures. This signature contributes to risk assessment in clinical trials and could provide a tool for treatment choices in high-risk MM patients.
INTRODUCTION
Multiple myeloma (MM) is characterized by accumulation of malignant monoclonal plasma cells in the bone marrow. The median overall survival (OS) for newly diagnosed patients treated with high-dose therapy varies from 4 to 10 years. 1, 2 The International Staging System (ISS), based on serum b 2 -microglobulin and albumin, is widely used as a prognostic system for patients with newly diagnosed MM. ISS has been confirmed as a solid prognostic factor in clinical trials. 1 Additional clinical factors to define high-risk disease have not been consistently reproduced, with the exception of the extensive disease represented by renal failure and plasma cell leukemia. 2, 3 In addition to ISS, cytogenetic aberrations such as deletion of 17p (del(17p)), and translocations t(4;14) and t(14;16) were shown to be associated with an adverse prognosis. The combination of prognostic markers t (4;14) , del(17p) and ISS enabled further delineation of patients into prognostic subgroups. 4 A strategy to include the genetic characteristics of MM is the translocation and cyclin D classification, which distinguishes eight subgroups based on genes that are deregulated by primary immunoglobulin H translocations and transcriptional activation of cyclin D genes. 5 Subsequently, the University of Arkansas for Medical Sciences (UAMS) generated a molecular classification of myeloma based on GEPs of patients included in their local trials. The UAMS molecular classification of myeloma identifies seven distinct gene expression clusters, including the translocation clusters MS, MF and CD-1/2, a hyperdiploid cluster, a cluster with proliferation-associated genes (PR) and a cluster characterized by a low percentage of bone disease (LB). 6 More recently, we extended this classification based on the HOVON-65/GMMG-HD4 prospective clinical trial and identified additional molecular clusters, that is, NFkB, CTA and PRL3. 7 Because these clusters were discriminated based on disease-specific GEPs, we and others hypothesized that they may be relevant for therapy outcome. Indeed, the UAMS-defined clusters MF, MS and PR were found to identify high-risk disease in the total therapy (TT)2 trial. 6 Several survival signatures were developed based on samples from clinical trials, such as the UAMS-70, the related UAMS-17 and the recently published UAMS-80 signature, which have value in prognostication of MM. [8] [9] [10] Other signatures include the Medical Research Council (MRC) gene signature based on the MRC-IX trial, the French Intergroupe Francophone du Myé lome (IFM) signature and the Millennium signature based on relapse patients. [11] [12] [13] Recently, a GEP-based proliferation index was reported.
14 So far, none of these signatures have been introduced in general clinical practice.
The additional and independent prognostic significance of a prognosticator based on gene expression has been acknowledged in mSMART (Mayo Stratification for Myeloma And Risk-adapted Therapy). Hereby, a high-risk MM population can be defined, for which alternative treatment is proposed, although this has not been validated in prospective clinical trials. 15 The aim of the present study was to develop a prognostic signature for OS in MM patients. This investigation was prospectively included as a secondary analysis of a randomized clinical trial for newly diagnosed, transplant-eligible patients with MM (HOVON-65/GMMG-HD4). 1 
PATIENTS AND METHODS Patients
As a training set the HOVON-65/GMMG-HD4 study (ISRCTN64455289) was used. Details of the training set are given in the Supplemental Document A. 16 Informed consent to treatment protocols and sample procurement was obtained for all cases included in this study, in accordance with the Declaration of Helsinki. Use of diagnostic tumor material was approved by the institutional review board of the Erasmus Medical Center. Arrays that were used for analysis passed extensive quality controls, as described previously. 7 Of the 328 gene arrays deposited at the NCBI-GEO repository, clinical outcome data were available for 290 patients (accession number: GSE19784).
Four independent data sets were used as validation, of which both survival data were available as well as GEPs of purified plasma cells obtained from bone marrow aspirates of myeloma patients. The data sets total therapy 2 (UAMS-TT2; n ¼ 351; GSE2658; NCT00573391), total therapy 3 (UAMS-TT3; n ¼ 142; E-TABM-1138; NCT00081939) and MRC-IX (n ¼ 247; GSE15695; ISRCTN68454111) were obtained from newly diagnosed patients. The APEX data set (n ¼ 264; GSE9782; registered under M34100-024, M34100-025 and NCT00049478/NCT00048230) consisted of relapsed myeloma cases (Supplemental Document A). 11, [17] [18] [19] [20] [21] [22] [23] Gene expression pre-processing
To allow gene expression analysis in the HOVON-65/GMMG-HD4, plasma cells were purified from bone marrow aspirates obtained at diagnosis, using immunomagnetic beads. Only samples with a plasma cell purity of X80% were used. Gene expression was determined on an Affymetrix GeneChip Human Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara, CA, USA).
To allow for validation across different studies, only probe sets present on both the U133 Plus 2.0 and U133 A/B platforms were included (n ¼ 44 754). Probe sets having an expression value below the lowest 1% bioB hybridization control in more than 95% of the samples are excluded. This resulted in 27 680 probe sets being analyzed. All data were MAS5 normalized, log2 transformed and mean-variance scaled, using default settings in the Affy package in Bioconductor. 24 The normalized validation gene expression data sets were downloaded from the repositories NCBI-GEO (APEX, MRC-IX, UAMS-TT2) and ArrayExpress (UAMS-TT3). Data sets UAMS-TT2, UAMS-TT3 and MRC-IX were generated using the U133 Plus 2.0 platform (Affymetrix), whereas the Affymetrix HG U133 A/B platform was used in the APEX study. The IFM data set was not included in our analysis owing to an incompatible, custom platform.
The strong batch effect that exists between these GEP studies was successfully removed by ComBat using the non-parametric correction option. 25 APEX was run on a different array platform with an incomplete overlap in probe sets with the other data sets, and as a result ComBat correction was applied in two separate runs with one run, for all analyses involving the APEX data set and an additional run for all other analyses.
Survival signature
The HOVON-65/GMMG-HD4 data were used as a training set. GEP and progression-free survival (PFS) data were combined for building a GEPbased survival classifier. PFS was used for generating a classifier for OS as PFS was the primary endpoint of the HOVON-65/GMMG-HD4 study and PFS demonstrated a higher number of events compared with OS (179 PFS vs 99 OS events in total in the HOVON-65/GMMG-HD4 data). All evaluations of the signature are based on OS data in training and validation sets. Analyses were performed using R with the survival package for survival analyses. 26 Out of 27 680 probe sets tested, 1093 probe sets were associated to PFS in univariate Cox regression analyses (FDR o10%; for probe sets and survival data, see Supplemental Document B). Subsequently, this set was used as input into a supervised principal component analysis framework in combination with simulated annealing (Supplemental Documents A and B). 27 This analysis yielded a model of 92 probe sets, termed the EMC-92 signature. The survival signature is a continuous score, that is, the sum of standardized expression values multiplied by the probe set-specific weighting coefficient (Supplemental Table S1 and R-script, Supplemental Document C). High-risk disease was defined as the proportion of patients with an OS of less than 2 years in the training set.
Validation of the EMC-92 signature
A multivariate Cox regression analysis was performed for patients with available covariates. Covariates with o10% of the data missing were used as input in a backward stepwise selection procedure (Po0.05).
The EMC-92 signature together with seven previously described, external signatures for OS in MM has been analyzed in a pair-wise comparison using a multivariate Cox regression analysis. This analysis was performed for all pair-wise comparisons on the pooled datasets excluding the training sets for the signatures being tested. The models were stratified for study.
Pathway analysis
Pathway analysis was performed using the 92 genes corresponding to the EMC-92 signature, as well as the 1093 genes generated by univariate-PFS analysis (FDR o10%), with the probe sets used as input for the analysis as a reference set (n ¼ 27 680; Ingenuity Systems, www.Ingenuity.com). P-values were derived from right-tailed Fisher exact tests and corrected for multiple testing by a Benjamini À Hochberg correction. 28 
RESULTS
The EMC-92 signature GEPs obtained from the newly diagnosed MM patients were analyzed in relation to survival data, in order to generate a classifier to distinguish high-risk from standard-risk disease. We used the HOVON-65/GMMG-HD4 data as a training set. 7 After filtering for probe set intensity, using internal Affymetrix control probe sets, 27 680 probe sets were analyzed in a univariate Cox regression analysis with PFS as survival end point. This resulted in 1093 probe sets being associated with PFS with a false discovery rate of o10% (Supplemental Document B). Based on these 1093 probe sets, a supervised principal-components-analysis-based model was built, in which simulated annealing was applied to generate the optimal model settings in a 20-fold cross-validation. The final predictive model consisted of 92 probe sets with specific weighting coefficients. The sum of normalized intensity values multiplied by this weighting is the output of the signature. This model was termed the EMC-92 signature. A positive weighting coefficient indicates that increased expression contributes to a higher value for the EMC-92 signature value and thus a higher risk for poor survival. The majority of the probe sets are annotated genes (n ¼ 85, with one of the genes represented by two probe sets). The remaining probe sets are open reading frames (n ¼ 3), expressed sequence tags (n ¼ 2) and one additional probe set without annotation. Several known cancer genes are among these genes, of which FGFR3 (weighting coefficient: 0.06), STAT1 (weighting coefficient: 0.05) and BIRC5 (weighting coefficient: 0.02) were described in detail in relation to myeloma (Supplemental Table S1 ; all Supplemental Tables are given in the Supplemental Document A). [29] [30] [31] To define a high-risk population, the cut-off threshold for the continuous signature score was set to a value of 0.827 based on the proportion of patients in the training set who had an OS of less than 2 years (63 out of 290 patients (21.7%); Supplemental Figure S2 ).
Four independent validation data sets were available: UAMS-TT2, UAMS-TT3, MRC-IX and APEX. Gene expression data sets UAMS-TT2 and UAMS-TT3 consisted of 351 and 142 transplanteligible patients, whereas the MRC-IX data set contained both transplant-eligible and non-transplant-eligible MM patients (n ¼ 247). In the APEX data set, GEPs of 264 relapse patients were collected. The results of the EMC-92 signature in the validation sets are shown in Figure 1 and Supplemental ). In the MRC-IX data set, 20.2% of patients were identified as high-risk with a HR of 2.38 and 95% CI ¼ 1.65-3.43 (P ¼ 3.6 Â 10
). The high-risk signature was able to identify patients with significantly shorter survival in both the transplant-eligible and non-transplant-eligible Figures 1f and 2e) .
To assess the relation between EMC-92 signature outcome and treatment, we evaluated whether there is evidence for differences in survival between treatment arms in the high-risk group and the standard-risk group. Within the high-risk patients of the HOVON-65/GMMG-HD4 trial, the survival of bortezomib treated patients was longer than patients treated with conventional chemotherapy (VAD) (30 months compared with 19 months), albeit not significant (P ¼ 0.06; number of bortezomib-treated patients : 26 vs 37 in the VAD arm). Within the high-risk patients of MRC-IX, no difference was observed between the treatment arms (P ¼ 0.5: MRC-IX non-transplant eligible: CTDA n ¼ 14 vs MP n ¼ 12) and P ¼ 1.0 (MRC-IX transplant eligible; CTD n ¼ 16 vs CVAD n ¼ 7). For the standard-risk patients no differences in survival between treatment arms were found in either trial.
Multivariate analysis was performed in the training set and in the APEX and MRC-IX validation sets, for which information on a large number of variables was available. This showed that in addition to the EMC-92 signature, del(17p) was an independent predictor in HOVON-65/GMMG-HD4. Furthermore, in both HOVON-65/GMMG-HD4 and the APEX multivariate analysis, a component of the ISS was an additional independent prognostic predictor (beta-2-microglobulin for the HOVON65/GMMG-HD4 data set and serum albumin for the APEX data set). Trial-specific covariates were seen in each multivariate analysis, such as a substudy in the APEX data set and the MP treatment arm in the MRC-IX set. In conclusion, in all the three data sets of newly diagnosed and relapse MM patients, the EMC-92 signature proved to be the strongest predictor for survival after inclusion of available covariates (Table 1) . For univariate associations to survival, see Supplemental Table S3 .1 À Supplemental Table S3 .3.
Using the nearest neighbor classification method, all patients in the validation sets were classified into molecular clusters based on the HOVON-65/GMMG-HD4 classification. 7 A clear enrichment of the MF, MS, PR clusters and decreased proportion of the hyperdiploid cluster was found in the pooled high-risk populations of all validation sets (Supplemental Table S4 ).
To define the biological relevance of the EMC-92 signature and 1093 probe sets found by initial univariate ranking, pathway analysis of the EMC-92 and the 1093 probe sets was performed. Significant functions for the EMC-92 signature included multiple 'cell cycle' pathways (P ¼ 1.82 Â 10 N, number of patients; Wald P, P value for equality to standard-risk group.
Supplemental Table S6 ). Next, we compared the chromosomal locations of the probe sets within the EMC-92 signature to the expected proportion represented on the Affymetrix chip (Supplemental Table S7 ). None of the chromosomes demonstrated a significant enrichment in the EMC-92 signature, while all somatic chromosomes are represented. Within the set of 1093 probe sets, which formed the basis of the EMC-92 signature and were identified by univariate survival analyses, chromosomes 1 and 4 were found to be significantly overrepresented. Further analysis of chromosome 1 demonstrated a clear enrichment of the long arm of chromosome 1 in this set of genes (Supplemental Table S8 ).
Comparison with published gene signatures We set out to evaluate the performance of the EMC-92 signature in relation to available GEP-based prognostic signatures for OS in MM. To this end, the following signatures were evaluated: UAMS-70, UAMS-17, UAMS-80, IFM-15, gene proliferation index (GPI-50), MRC-IX-6 and MILLENNIUM-100. [9] [10] [11] [12] [13] [14] These signatures were evaluated as continuous variables as well as using the cut-off values as published (Figures 2a-e , Supplemental Figure S2 and Supplemental Documents A and B). Overall, the performance of the EMC-92 signature is robust, consistent and compares favorably with previously published signatures. Specifically, the EMC-92, UAMS, MRC-IX and GPI-50 signatures demonstrated significance in all validation sets tested both for the dichotomized and for the continuous values of the signatures. Significance was reached in three out of five studies for the IFM-15 signature using a dichotomized model, whereas the MILLENNIUM-100 signature had significant performance in the dichotomized model in one out of four independent studies. Thus, performance was less robust for the IFM-15 and MILLENNIUM-100 signatures. Although the proliferation index GPI-50 was found to be significant in all validation sets tested, the proportion of highrisk patients was much lower compared with the proportion found using either the EMC-92 or the UAMS-80 signatures. Ranked, weighted high-risk proportions are GPI: 10.0%, UAMS-17: 12.4%, UAMS-70: 13.0%, MRC-IX-6: 13.3%, EMC-92: 19.1% and UAMS-80: 23.4%. To determine which signature best explained the observed survival, pair-wise comparisons were performed. For every comparison the EMC-92 was the strongest predictor for OS tested in an independent environment ( Figure 3 and Supplemental Table S9 ).
There is a varying degree of overlapping probe sets between all signatures. Overlapping genes are shown in Supplemental Figure S3 . Seven out of fifty probe sets present in the GPI-50 overlap with the EMC-92 signature (BIRC5, FANCI, ESPL1, MCM6, NCAPG, SPAG5 and ZWINT). One of the six MRC-IX genes (ITM2B) is also seen in the EMC-92. Overlap between EMC-92 and the remaining signatures is limited (EMC92 vs UAMS17/70: BIRC5 and LTBP1; EMC-92 vs MILLENNIUM-100: MAGEA6 and TMEM97; and EMC-92 vs IFM-15: FAM49A).
Combined risk classifiers
The performance of the EMC-92 signature was in line with the UAMS signatures, although they were derived from quite different patient populations. The intersection of high-risk patients between the EMC-92 and UAMS-70 signatures was B8% of the total population on the pooled data sets that were independent of both our training set and the UAMS-70 training set (that is, MRC-IX, TT3 and APEX; Supplemental Table S11 ). Approximately 13% of patients were classified as high-risk by either one of these signatures. The intersecting high-risk group had the highest HR as Covariates that were non-missing in more than 90% of the patients were included. Variants were selected into the model by a backward stepwise approach (Pp0.05). Table S12 ). To test whether there is evidence for better performance if outcomes of two dichotomous predictors are merged, we took the models made in the pair-wise comparison (Supplemental Table S9 ) and tested these in a likelihood-ratio test against a single signature outcome model. Merging the EMC-92 with UAMS-80 (P ¼ 2.19 Â 10 ) and UAMS-70 (P ¼ 3.96 Â 10 À 2 ) demonstrated a better fit to the data than any of the single models (Supplemental Table S10 ).
EMC-92 signature and FISH
To compare the high-risk populations composition as defined by the EMC-92 and the UAMS-70 signatures, cytogenetic aberration frequencies in both populations were determined using an independent set for which cytogenetic variables were known, that is, MRC-IX (Figure 4 and Supplemental Table S13 ). As expected, poor prognostic cytogenetic aberrations 1q gain, del(17p), t(4;14), t(14;16), t(14;20) and del(13q) were enriched in the high-risk populations (Figure 5 ), whereas the standard-risk cytogenetic aberrations such as t (11;14) were diminished in the high-risk populations. In contrast, only 15% (6 out of 39) of MRC-IX cases with high-risk status as determined by the EMC-92 signature showed absence of any poor prognostic cytogenetic aberrations, as opposed to 44% (74 out of 168) in standard-risk cases (P ¼ 1.8 Â 10 patients 4% (1 out of 23) did not have any poor prognostic cytogenetics, whereas of the UAMS-70 defined standard risk patients this proportion was 43% (79 out of 183) (P ¼ 5.3 Â 10 À 3 ).
DISCUSSION
Here we report on the generation and validation of the EMC-92 signature, which was based on the HOVON65/GMMG-HD4 clinical trial. Conventional prognostic markers such as ISS stage and adverse cytogenetics have been augmented by signatures based on gene expression in order to increase accuracy in outcome prediction in MM. More accurate prognosis may lead to the development of treatment schedules that are specifically aimed at improving survival of high-risk MM patients. Prognostic signatures for MM include the UAMS-70, the UAMS-17, the UAMS-80, the IFM-15, the gene proliferation index (GPI-50), the MRC-IX-6 and the MILLENNIUM-100 signatures.
For clinical relevance, a signature must have both the ability to separate risk groups as clearly as possible and to predict stable groups of relevant size. The EMC-92 signature meets both criteria. In all validation sets a high-risk group of patients can be significantly determined and the proportion of high-risk patients is stable across the validation sets. The validation sets represent different drug regimens, including thalidomide (MRC-IX, TT2) and Figure 3 . Pair-wise comparison for all signatures. To find the signature best fitting the underlying data sets, Cox regression models (high-risk versus standard-risk) were made for all pair-wise signatures. These models are based on pooled independent datasets (i.e., excluding training sets) and stratified for study. The two paired hazard ratios associated with the signatures derived per model are shown in the two cells within the square panels. Only hazard ratios within one panel can be compared because these are based on the same dataset. Blue cells indicate signifcant hazard ratios (Bonferroni-Holm corrected P-value); red cells denote nonsignificant findings. For the bottom right panel (i.e., UAMS-70 vs EMC-92 signatures) the underlying model is given. All other models can be found in Supplemental Table S9 . Figure 4 . Distributions of high-risk and standard-risk patients per FISH marker in the MRC-IX data set. Distribution of FISH markers within the high-risk (top panels) and standard-risk (bottom panels) groups for the EMC-92 and UAMS-70 signatures. The EMC-92 and UAMS-70 identified 50 and 42 patients out of 247 as high-risk, respectively. Blue, absence of an aberration; OR, odds-ratio; P, Fisher exact P-value; red, presence of an aberration; white, missing data. Details are given in Supplemental Table S13. bortezomib (APEX, TT3). Also, the signature is relevant to both transplant-eligible (for example, TT3) and non-transplant-eligible patients (subset of MRC-IX), as well as newly diagnosed (for example, TT2) and relapsed patients (APEX). In contrast, the predictions of the IFM-15 and MILLENNIUM-100 signatures in the validation sets fail to reach significance in independent data sets such as MRC-IX and TT3. The differences in gene expression platform may have contributed to this. Indeed, the IFM signature is based on a custom cDNA-based gene expression platform, rather than the Affymetrix GeneChips, which have become common for MM GEP studies. 32 The cDNA platforms have been reported to be difficult to compare with the Affymetrix oligonucleotide platform. 12 Although the MILLENNIUM signature was generated using Affymetrix GeneChips, the use of an earlier version of this platform may have contributed to the limited performance of this signature. 11 The performance of the EMC-92 signature is comparable to the UAMS-derived signatures, MRC-IX-6 and GPI-50, as measured by the significance of prediction in validation sets. For UAMS-70 and GPI-50, the proportion of highrisk patients appears more variable, which may hinder clinical interpretation, especially when the high-risk proportion is o10%. Importantly, pair-wise comparisons of all the signatures evaluated in this paper demonstrated that the EMC-92 has the best fit to the observed survival times in independent sets. Strikingly, we found that performance can be improved by simply combining signatures (for example, EMC-92 with UAMS-80). However, this analysis is only an indication of the possibilities of combining signatures, and future work involving more complex combined signatures is in progress.
It is important to note that the genes within the signature reflect optimal performance of the signature rather than a biological definition of survival in MM. The initially selected 1093 probe sets, which were found to be associated with PFS in univariate testing, are more likely to give a good representation of myeloma biology, as indicated for instance by the protein synthesis-related pathways. Although an extended biological discussion is outside the scope of this paper, a number of interesting genes are included in the signature. BIRC5 was found in four signatures evaluated in this paper: EMC-92, UAMS-17, UAMS-70 and GPI-50. This gene is a member of the inhibitor of apoptosis gene family, which encodes negative regulatory proteins that prevent apoptotic cell death, and upregulation has been described to be associated with lower EFS and OS in newly diagnosed MM patients. 11, 12, 31 Other important myeloma genes include FGFR3 and STAT1. FGFR3 is deregulated as a result of translocation t(4;14), which is an adverse prognostic cytogenetic event.
30 FGFR3, a transmembrane receptor tyrosine kinase, is involved in the regulation of cell growth and proliferation. 33 STAT1, an important component of the JAK/STAT signaling, is involved in multiple pathways, including apoptosis induced by interferon signaling. 29 A clear enrichment of the long arm of chromosome 1 was observed in the 1093 probe sets in this study. Previously the importance of chromosome 1 was reported for the UAMS-70 signature. Genes on 1q in the UAMS-70 signature include CKS1B and PSMD4, both of which were not in the EMC-92 signature, although CKS1B was found to be associated with PFS in our set and thus in the 1093 set. 9, 10 The EMC-92 signature did contain nine genes on 1q, of which S100A6 has been described in relation to 1q21 amplification in MM and other cancer types. 34 This may also be part of the explanation why, despite the use of the same GEP platform, the overlap between different signatures is limited. Indeed, multiple genes are found within the 1q21 amplicon with downstream factors possibly overexpressed as a result of this. Which gene will be linked most significantly to survival in a specific set is most likely determined by factors such as variability in data sets, to which population differences and differences in used techniques may contribute.
Other reasons may be found in the difference in treatment strategies used, in which other genes could be responsible for adverse prognosis.
To characterize the high-risk group in depth, we have demonstrated that in the MRC-IX study high-risk patients are enriched for poor cytogenetic aberrations such as 1q gain, del(17p), t(4;14), t(14;16), t (14;20) and del(13q). Still more than half of the patients in the standard-risk group showed one or more poor prognostic cytogenetic markers, indicating that the occurrence of a single poor-risk marker does not have very strong prognostic value.
Clinical use of a gene signature (UAMS-70) has recently been incorporated in the mSMART risk stratification, which additionally includes FISH, metaphase cytogenetics and plasma cell labeling index. The mSMART risk stratification is the first risk stratification system adjusting treatment regimens according to risk status, although this has not been validated in prospective clinical trials. 15, 35 Ultimately, clinical use of any signature has been proven to be of use in prospective clinical trials, which will allow treatment choice based on risk assessment. This will yield clinical guidelines to improve treatment of patients with a poor PFS and OS on novel therapies. For practical application of the EMC-92 signature it is essential to stress that this signature has not been designed for classification of a single patient. However, collection of a set of more than B25 patients will result in reliable prediction, and each additional patient can be predicted as soon as it is tested.
In conclusion, we have developed a risk signature that is highly discriminative for patients with high-risk vs standard-risk MM, irrespective of treatment regime, age and relapse setting. Use of this signature in the clinical setting may lead to a more informed treatment choice and potentially better outcome for the patient.
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